The first part of the paper discusses Wal-Mart's adoption of RFID through the theoretical lens of the Resources, Processes, and Values (RPV) innovation theory. This part makes a theoretical argument that WalMart adopted RFID as a sustaining innovation -an incremental improvement in supply chain identification technology. The second part reviews a representative sample of IS literature in order to investigate whether IS researchers have been influenced by Wal-Mart's perspective on RFID. The literature review suggests that many IS researchers have also adopted Wal-Mart's perspective on RFID. The third part argues that RFID technology has a potential to become a disruptive technology with a profound impact on business and society. Given this possibility, both researchers and practitioners are provided with two frameworks ("object oriented approach" and "visionary approach") which can help them to adopt a more forward-looking perspective in relation to RFID. The object oriented approach starts from the basic capabilities offered by RFID technology and attempts to determine how these capabilities can be used to create a new RFID application. The visionary approach starts by assuming that RFID technology has reached its peak in terms of breadth of adoption and then tries to determine opportunities offered in this situation.
Introduction
In June 2003 Wal-Mart mandated its top suppliers to use RFID tags on the pallet level [48] . Wal-Mart adopted RFID in a way consistent with its business model of a discount retailer. Discount model commanded Wal-Mart to adopt RFID as an improvement over barcodes -the company's existing supply chain identification technology. RFID has the potential to save billions of dollars for Wal-Mart and other retailers through improvements in supply chain efficiency [5] , [49] , [54] , [65] . Since Wal-Mart has been the major driving force behind the recent explosion in RFID adoption, many companies and researchers have adopted Wal-Mart's perspective on the technology.
Improving supply chain efficiency of retailers and other "logistics intensive" organizations [71] may only be a shortterm impact of RFID. Many experts believe that in the future RFID may have a more profound impact on business and society. For example, Paul Saffo, research director for the Institute for the Future, believes that we are standing at an early stage of a new media revolution [43] . Similarly, Accenture [1] , a leading technology consultancy, believes that the intelligent interaction of RFID-enabled devices "is potentially as revolutionary as the Internet and World Wide Web".
Although there is a growing realization of the potential of RFID, there is no guarantee that RFID will actually leave the supply chain identification domain. Predicting future can be a daunting task, especially in the turbulent domain of information technology. Therefore, this paper is not an attempt to predict the future of RIFD. Similarly to [39] , this paper rather attempts to look "at past and present trends and use these trends for providing a road map of future possibilities" [p. 41] . Being aware of this possible future can help both researchers and practitioners to anticipate possible opportunities and threats associated with RFID. This paper consists of three major parts. The first part discusses Wal-Mart's adoption of RFID through the theoretical lens of the Resources, Processes, and Values (RPV) theory. This part attempts to make a theoretical argument that Wal-Mart adopted RFID as a sustaining innovation -in line with the company's existing resources, processes, and values. Because of Wal-Mart's high bargaining power over its suppliers [45] , Wal-Mart was able to push RFID adoption onto the suppliers. Moreover, Wal-Mart passed its vision in relation to RFID (with RFID being envisioned as a more efficient and effective replacement for barcodes) to the public. The second part reviews a representative sample of IS literature in order to investigate whether IS researchers have been influenced by Wal-Mart's perspective on RFID. The literature review suggests that many IS researchers have also adopted Wal-Mart's perspective on RFID, that is RFID is often viewed by researchers, either explicitly or implicitly, as an incremental improvement in supply chain identification. The third part makes a theoretical argument that RFID technology has a potential to become a disruptive technology with a profound impact outside of the supply chain identification domain. Given this possibility, both researchers and practitioners are provided with some guidelines which can help them anticipate the potentially disruptive impact of RFID technology and direct their efforts towards taking RFID technology beyond its mainstream application.
Conceptual Framework

Resources, Processes, and Values (RPV) Theory
The desire to cut costs is an idiosyncratic explanation of why Wal-Mart decided to adopt RFID. The Resources, Processes, and Values (RPV) theory proposed by [16] offers a nomothetic explanation of why big companies like Wal-Mart either succeed or fail to adopt an innovation. According to RVP, "resources (what a firm has), processes (how a firm does its work), and values (what a firm wants to do) collectively define an organization's strengths as well as its weaknesses and blind spots" in relation to an emerging technology [16] pp. xvii,xviii. As an example, [16] use RVP to explain why Western Union, a giant telegraph company, failed to adopt the telephone. Alexander Graham Bell offered his telephone invention patents to Western Union for a mere $100,000 (which is equivalent to roughly $1.7 million in today's dollars). Western Union turned down this offer. William Orton, Western Union's president, summarized the company's attitude towards the telephone in the following manner: "What use could this company make of an electrical toy?" According to [16] , Western Union's failure to embrace the telephone was not due to bad management. The failure can largely be attributed to the fact that the firm's resources, processes, and values could not accommodate the telephone. When Western Union was introduced to the telephone, their core business, long-distance telegraphy, seemed to be a better area for investment. Telegraphy is what had made the company so great over the years. Not surprisingly, all of the firm's resources and processes were tailored to the provision of the telegraphy service. The firm's customers at that time (railroads, newspapers, and financial brokerage houses) still needed better longdistance telegraphy service. Consequently, the company's decision to invest in existing resources and processes that supported its core business were not only in accordance with the company's values but also rational from an economic point of view.
How and Why Wal-Mart Adopted RFID
An implication of the RVP theory is that a company's decision to embrace a new opportunity may not necessarily be a result of good management [16] . A company embraces an innovation if it can be accommodated by the company's processes, resources and values.
Since Wal-Mart was able to embrace the new opportunity resulting from RFID, it can be argued that Wal-Mart's resources, processes, and values allowed for the successful adoption of the new technology. Wal-Mart is a giant retailer with annual sales of 345 billion and net income of 12 billion [66] . Therefore, it is safe to assume that Wal-Mart had adequate financial resources to invest in RFID. Bargaining power over suppliers [45] is another resource that helped to launch the initiative. Finally, Wal-Mart had existing supply chain identification infrastructure based on barcode technology, which had been rapidly adopted by the company in 1980's [49] . Adoption of RFID did not require radical modification of Wal-Mart's existing supply chain processes. Rather, it was a transition from barcodes to RFID. Finally, "always low prices" have been have been the major value behind Wal-Mart's decisions. It was estimated that replacing barcodes with RFID can help Wal-Mart to save more than 8 billion annually through reduced labor costs, out-of-stock expenses, theft, warehouse management costs, and inventory levels [5] , [48] . RFID technology provided opportunities consistent with Wal-Mart's core value -"always low prices". Thus, Wal-Mart adopted RFID in a way which is consistent with its resources, processes, and values.
In addition to that, RPV [16] argues that large, established companies are likely to adopt sustaining innovations. A sustaining innovation is an incremental improvement of existing products or processes on the dimensions traditionally valued by customers [16] . Low prices are traditionally valued by Wal-Mart's customers. Since RFID has the potential to reduce costs, it is not surprising that Wal-Mart adopted RFID as efficiency and cost reduction innovation, which is a sustaining innovation for Wal-Mart.
How Other Companies View RFID
Because Wal-Mart has been a major driving force behind RFID adoption, other companies began looking at RFID through the lens of Wal-Mart's resources, processes, and values. A report by Gartner, summarizing the prevailing wisdom towards the value of RFID, says that the technology can be useful in the following situations [69] :
1. Processes where it is not feasible to use barcodes. Since barcodes lack durability, they cannot be used on objects undergoing rough handling (e.g., rail cars)
2. Processes requiring fast identification and counting. RFID may be a more efficient way for identifying or counting objects. Powerful RFID readers can automatically scan hundreds of items in a matter of a few seconds. In the case of barcodes, each items has to be scanned by an employee individually, which takes time 3. Interorganizational processes. A small supplier of a large retailer may not be motivated to maintain a strict and accurate account of its operations. The large retailer, on the other hand, may need this information to improve its supply chain efficiency. With the help of RFID, the process of acquiring this information can be automated, minimizing the chance of the supplier's lack of motivation interfering with the accuracy of this information 4. Chaotic processes. In order for a warehouse employee to scan the barcode of each individual item in a warehouse, the goods in the warehouse must be kept in certain order. In the case of RFID, order is not important. Theoretically, an inventory count may be taken effectively even if items are located chaotically.
5.
Processes where exact configuration of goods must be maintained. Some RFID tags can transmit information omni directionally and some types of waves can pass through certain substances. Because of these features, a product consisting of several RFID-tagged parts can be inspected without disassembling the product.
6. Processes requiring secure identification. Through the user of encryption, the transmission of identification data from an RFID tag to a reader can be secured from eavesdropping.
7. Supercritical processes. RFID can prevent human error in critical processes. For example, RFID tags can be used to ensure that an intravenous (IV) pump starts pumping blood to a patient only when it "sees" the correct bag of blood attached to the pump.
This list conveys the idea that RFID can be used either to improve existing identification processes or to identify objects in situations where barcodes cannot be used. Thus, RFID is largely presented as a sustaining innovationan incremental improvement identification technology.
Methodology
The study uses literature review approach proposed by [68] . [68] suggest that the goal of a literature review is to facilitate theory development by summarizing current knowledge on a topic, identifying gaps in the current knowledge, and suggesting future research that can close to identify the gaps. In this respect, the approach undertaken here is different -this study uses literature review to make the argument that many IS papers have adopted Wal-Mart's perspective on RFID, that is RFID is often viewed, either implicitly or explicitly, as a sustaining innovation.
Identifying the Relevant Literature
This study does not intend to provide a comprehensive, cross-disciplinary review of RFID literature. According to [68] , a literature review on an emerging issue can less encompassing in terms of the scope and number of included articles. CACM was included due to the fact that this journal is often considered to be a top IS journal (see [6] ), its concentration of emerging issues and technology, and the author's awareness of the special issue on RFID published in the journal. CAIS was included due to the authors' awareness of the journal's tendency to publish tutorials and opinion pieces on emerging issues and technologies. MISQ Executive was added due to the author's awareness of some early case studies on RFID adoption by European retailers published in the journal.
Recognizing the fact that RFID is an emerging technology, the analysis also included papers published in mainstream IS conferences, which are listed in the AIS electronic library [7] . Namely, proceedings of the following conferences were searched for using articles with the keyword "RFID" in the title. 
Analysis
This paper uses the "concept-centric" approach to literature review proposed by [68] . First, each of the articles listed in Appendix I was read and its major theme was captured with 1-2 sentences. The results of the first round of reviewing the literature were tabulated using the table (or "concept matrix") found in Appendix I. Secondly, the themes of each of the article were revisited to identify the primary focus of the article with respect to RFID technology. The goal of this last step was to determine whether an article views RFID as a supply chain identification technology or attempts to look at the potential of RFID outside of the supply chain.
Findings
A review of papers on RFID published in traditional Information Systems (IS) outlets (see Appendix I and 
Individual tracking and profiling
Virtually all of the articles in this category elaborate on these five privacy threats and propose technical as well as managerial solutions for dealing with the privacy threats. Again, privacy has been one of the central problems for
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Wal-Mart and other retailers. The scandal involving field trials of RFID technology by Wal-Mart and Gillette was one of the first public controversies surrounding RFID usage in retail [3] . Successfully addressing privacy concerns is certainly important to Wal-Mart and other retailers.
Only a small group of papers (5 out of 39) focuses on RFID applications outside of the supply chain. For example [56] identify issues and values that are of concern to customers of Silent Commerce -commerce based on transactions executed with the help of RFID and other sensor technologies. [4] discuss the possibility of using RFID tags to track banknotes. [59] propose using bracelets with an embedded RFID tag to detect human activity. While of no direct relevance to Wal-Mart, many of the articles in this category are primarily concerned with the question of how RFID can be used to track items in the supply chain and what problems need to be solved in relation to RFID tracking. This theme is also parallel to what Wal-Mart is doing with RFID today.
There is nothing wrong with viewing RFID as a new supply chain identification technology. RFID technology has the potential to increase supply chain efficiency in a variety of supply chain scenarios and save billions to Wal-Mart and other retailers [5] , [49] . Because RFID is still an emerging technology with many pending issues, researchers have to address a number of technical, managerial, and privacy issues in order for these cost reductions to fully materialize [18] , [29] . Therefore, researchers are completely rational in pursuing the currently predominant research direction in relation to RFID, which is summarized in Table 1 . However, one should not forget that "as a society, we typically overestimate the short-term impact of new technologies and underestimate their long-term impact" [53] p. 301. Viewing RFID as an improvement in supply chain identification may be only short-term perspective on the potential of RFID.
RFID as a Disruptive Innovation
The Long-Term Potential of RFID
The long-term impact of RFID may go well beyond improving supply chain efficiency. An analogy to the Internet can be drawn here. The Internet was initially perceived as a technology allowing computers to "talk" to each other. However, the exchange of data among computers was only a short-term impact of the Internet. Robert Taylor, an Internet pioneer and former Xerox PARC manager, reported that his vision of the Internet was rejected at Bell Labs and IBM by researchers who said "our computers already talk to each other" [8] . Thus, researchers at Bell Labs and IBM rejected the Internet on the grounds of a short-term vision.
In the long run, this capability brought us closer to the emergence of "information superhighway" -a global and ubiquitous network of computers and electronic devices transmitting large volumes of information at a high speed [20] . The long-term impact of the Internet involved changing the way people live and work. If managers at Bell Labs and IBM had this long-term impact of the Internet in mind, would they reject Robert Taylor's idea? A long-term perspective on the Internet would probably make them pay closer attention to the technology and, as a result, make better long-term decisions in relation to the Internet.
In the long-term, RFID may have the potential to take the concept of the information superhighway to a level previously unimaginable by the technology visionaries of the late 20 th century. With the help of RFID, virtually any physical object can become connected the "information superhighway" and communicate with other physical objects, animals [64] or humans [37] . Auto-ID Labs, a federation of research universities founded in 1999, has the following vision on the future development of RFID [50] :
… a world in which all electronic devices are networked and every object, whether it is physical or electronic, is electronically tagged with information pertinent to that object. We envision the use of physical tags that allow remote, contactless interrogation of their contents; thus, enabling all physical objects to act as nodes in a networked physical world.
Paul Saffo, research director for the Institute for the Future, relieves that this "Internet of Things" envisioned by Auto-ID can become a platform for a new media revolution [43] . With the help of RFID, virtually any physical object can become a part of the "information superhighway" and communicate with other physical objects, animals, or humans. RFID can turn lifeless objects into "smartifacts" -intelligent devices capable of "observing the world on our behalf and increasingly manipulating it on our behalf" [43] . Accenture [1] believes that the intelligent interaction of smartifacts "is potentially as revolutionary as the Internet and World Wide Web".
Evidence of RFID Having the Potential to Become a Disruptive Innovation
With this perspective in mind, it is important to determine the likely path of RFID evolvement as well as its potential long-term impact. It is possible that RFID, just like the Internet, will take the path of a disruptive innovation. According to [16] Indeed, several companies outside of the retail industry have already used RFID to create new value propositions:
• Accenture's "Virtual Showroom" prototype consists of RFID tags embedded into consumer products and a PDA with a built-in RFID reader. Consumers can use the PDA to get information on products they see in real world and purchase them "on the spot". For example, Mr. Smith may see a shirt that he likes on one of his co-workers. Since the shirt has an embedded RFID tag with a unique identification number, Mr. Smith can use a PDA with wireless capabilities to pull out information about this shirt from an online database and place an order immediately.
• Cafes and stores in Seattle are using RFID technology for marketing products and services [11] . At the core of this new advertisement system are the so-called "activation fields" (areas covered by the field of an RFID reader) and active RFID tags that are carried by customers of this system. Whenever a customer enters an activation field, loud speakers which are usually mounted on a telephone booth broadcast a commercial message. The system can also display a video message on a monitor with commercial information for cafes or local retailers. One of the primary target audiences for this new system are visually and hearing impaired individuals.
• Exploratorium, a science museum in San Francisco, uses an RFID-based system called eXport for enhancing customer experience [24] . At the museum's entrance, each customer receives an RFID tag in the form of a necklace. When a customer interacts with a particular exhibition stand (e.g. sprays water onto a refrigerated glass to form and explore ice crystals), the customer's RFID tag triggers digital cameras which take pictures of the customer and the ice crystals that he or she has created. These pictures are uploaded to a customized web site together with the related text information. The web site can be viewed by the customer in his or her spare time.
• Négone, a Madrid-based developer of interactive games, opened a game named "La Fuga" (The Breakout) at the premises of a former bank in Madrid [17] . The game stimulates experiences of an inmate escaping a high-security prison. Each person wishing to participate in this game is supplied with a Personal Digital Assistant (PDA) and an RFID tag. RFID readers are placed in doorways and other areas in the former bank's premises. The game system is able to identify players and enhance their gaming experience. By detecting the players' RFID tags, the system can display questions on the players' PDA and open doors for them.
Of course, these RFID applications rely on wireless, automatic identification. However, these applications are not about mere identification. At the core of these applications is the idea that objects (advertisement displays or exhibition stands) can seamlessly interact with humans, creating new types of services for the customer.
Suggestions for a Forward-Looking Perspective
Given that it is possible that RFID can have a revolutionary impact, both IS practitioners and researchers need to become more forward looking in relation to RFID. Being forward-looking and relevant in RFID research is not a matter of rigor, methodology, theoretical stance, or subject matter. It is an approach where RFID-related issues are addressed with the possible future applications of RFID in mind. This paper proposed two ways for thinking about the future of RFID: "object oriented approach" and "visionary approach" [29] . The object oriented approach is a "bottomup" approach -it starts from the basic capabilities offered by RFID technology and attempts to determine how these capabilities can be used to create a new RFID application. The core capability of RFID, as defined in this article, is the ability to automatically and wirelessly identify an object together with its properties. The visionary approach is a "top-down" approach -it starts by assuming that RFID technology has reached its peak in terms of breadth of adoption and then tries to determine opportunities offered in this situation.
Object-Oriented Approach
The object-oriented approach draws on the object-oriented programming paradigm to organize thinking towards the future of RFID. The approach requires looking at an object (a human, animal, or physical item) in terms of its properties and methods. Properties, in this case, are characteristics of an object which are relevant for a particular transaction. A method is what an object "can do," that is the transactions it may participate in. For example, a box of microwavable food is an object with a property of cooking time. The microwavable food participates in the transaction of being cooked in a microwave.
This type of analysis proceeds as follows (Figure 1) . First, select an object. Then think about properties that the object may have. Next, determine how RFID can help to extract and use these properties either to enhance a transaction that the object participates in or to create a new transaction. Hence, new value propositions can be built either by improving existing transactions or creating new ones. For example, a box of microwavable food has a property of cooking time. The food participates in the transaction of being cooked in a microwave. Given that the microwave is equipped with an RFID reader, the box can automatically communicate its cooking time to the microwave. In this case, RFID is improves an existing transaction (cooking) by eliminating the need to search for cooking time on the box and then manually entering the time using the microwave's console. RFID can also help to create a new transaction between the microwavable dinner and a refrigerator using another property of the microwavable dinner -the expiration date. Given that the refrigerator is equipped with an RFID reader, the refrigerator can detect when the dinner has expired and display an expiration notice to its owner. Moreover, the refrigerator can add a box of microwavable dinner to an electronic shopping list so that dinner supplies can be replenished next time the owner goes to a store.
Visionary Approach
Another way to start thinking about the future of RFID is to start with a vision of broad adoption of RFID. Imagine a world where each individual, animal, and physical object has an RFID tag. Imagine a ubiquitous wireless network that can identify the location and retrieve properties of every individual, animal, or human object. With this vision in mind, answer the following questions:
• What new forms of knowledge can this data produce?
• What improvements to existing business models can be made by utilizing this knowledge?
• Which new business models can be created with this newly available knowledge?
For example, imagine a "smart" refrigerator which is a node of the "Internet of Things". With this capability, the refrigerator may not only detect the expiration of items inside, but also help the owner to do grocery shopping. Given the owner's diet, budget preferences, and physical location, the refrigerator will be able to create an optimal Here's another example of going from a vision to business opportunities in relation to RFID. Imagine every car being a node of a global, pervasive network. Then, a city government could identify and track movement of cars through its freeway system. This information can be used to impose road improvement taxes on vehicle owners proportional to the actual usage of the freeway system. Similarly, an advertising agency may use this information to position billboards along the freeway. Opportunities can be endless if this vision becomes a reality.
Conclusion
Given that it is possible that RFID can have a revolutionary impact, both IS practitioners and researchers need to adopt a more forward looking stance in relation to RFID. Viewing RFID as an incremental improvement in supply chain identification can result in serious consequences for practitioners and researchers alike. In the case of practitioners, RFID can turn out to be a disruptive innovation, capable of destroying existing competencies [52] . Failure to embrace the new challenges and opportunities may end the existence of a company, just like failure to embrace the telephone lead to the death of Western Union. Successful adoption of a disruptive innovation, on the other hand, may help a company to identify new sources of growth [15] . In the case of researchers, failure to become more forward-looking in relation to RFID may result in a situation where researchers merely follow the world of practice, reinventing the "buzz words" invented by consultants and seeking theoretical justification for something which is already common knowledge in the world of practice. IS research is often criticized for lagging behind the practitioner's world and failing to address the needs of practitioners. Concentrating on the future of RFID can help researchers to produce knowledge that moves the society towards the current vision of "information superhighway". 
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